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COMPLETE SPECIFICATION 

Textile Treating Agents 



We, E. I. Du Pont de Nemours and 
Company, a corporation organized and exist- 
ing under die laws of the State of Delaware, 
of Wilmington, State of Delaware, United 

5 States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement: — 

10 This invention relates to compositions of 
matter and a process of using them to make 
fibrous materials, particularly textiles, both 
water repellent and oil repellent. In particular, 
thfe invention is concerned with copolymers (or 

15 interpolymers) of fluoroalkyl acrylates or meih- 
acrylates with methylol acrylamide or methylol 
methacrylamide and with their application to 
fibrous materials. 

Separately acting water repellents and oil 

20 repellents for numerous solid materials have 
been known for some time, but there have not 
been commercially available agents which 
would impart to such materials both wash-fast 
water repellency and wash-fast oil repellency. 

25 Thus, although it has been observed (Specifica- 
tion No, 703,435) that polymers of certain 1,1- 
dihydro-perfiuoroalkyl acrylate esters possess 
the property of being both oleophobic and 
hydrophobic, these effects when applied to 

30 textile materials are usually fugitive to washing 
or dry-cleaning. 

We have now developed a composition, , 
which will impart both water re^SBacy an<f 
oil repellency toj^ousjnateria^^u^a^x^ 

35 tile fibe rs ^55j>aper, andjw hose effects a re 
orimprc geT^Erability to~waiKihg procedures, 
ind trdingl n'this term botfiTaimderfiig and dry 
cleaning. The compositon may be prepared in 
the form of concentrated and stable (therefore, 

40 marketable), aqueous emulsions which may be 
readily diluted with water by the consumer 
to provide a treatment bath of the desired 
dilution or strength. 
According tojhis invention we provide an 



interpolymer of an N-methylol acrylamide 45 
compound of the.formula ~ — — — ~ 

q_NH—CH 2 OH, 

whereinjQ represents the acyl radical of acrylic 
Jor m^^ A> 
alkyl ester of the.fpnnula " / 50 

(^-0CH 2 (CF 2 -^CF 2 ) m H, (m=l to 6),, 

<^OCH 2 (CF.) tt F, (n-2 to 12), 

(^»-0CH a CH 2 (CF 2 ) It F, (n=2 to 12), 

in which. Q . represent^ an acyl radical as^tbovje 55 
defined, said N-methylol acryla mide const itut- 
ing not less thanr_Q«25'% and not more than p^gk 
by ' weigh t of the mterpolymer. " \ ' 

Puffer, according to the invention, we pro- 
vide a composition for use as a-water^ttdj>fr- 
repeilency agent in the form of an^ueous 
emulsion^xom prising , as principal effective ;j 
component, an interpolymexas defined in the 
foregoing paragraph, said mterpolymer-consti^ 
taring 2 0 to J 0j% by weight of the aqueous^ |& 
ejnuMojT" " * f 

The aqueous emulsion or latex obtained from 
the above mentioned polymerization may be 
diluted with water to form a treatment bath 
which may be applied to fibrous materials such 
as cotton, wool* nylon, polyester fibers, or 
paper whereupon the material is squeezed and, 
preferably after djying^|s heated at a tem- 



60 



70 



>^J« ror a /- 
iut es^o~3 Q ? //^ 



perature between^Q0%^nd_150°Q for a 
period of time varying from 5 mmr^-^^"™' 
,$econds. 

The actual formadon.of our. nsyel jn^roc^-- 
mers may foUow - con^ 
avoid continuous repetition, the discussioi? 

"80 



hereinbelolTwill generally namej>nlyjiuoro- 
alkyl acr ylates a nd meJbyjoJ ^acryjSSoldB T^it 
Seing^understood that ihese~compounds are 
typical of both the compounds named and the 
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corresponding nuoroalkyl metihacrylates and 
methylol methacrylamide. 
~ In a preferred process of this invention* the 
fluoroaikyi acrylate or methacrylate of the 
above formulas, or a mixture of these fluoro^ 
alkyl esters, is emulsified wMi the desired pro- 
portion of N-methylol acrylainide in an aqueous 
system. The emulsion is^heatedjjn t he ab sence 
< ^4 °^ °MS^ anc * ' m ^ e Presence of a , fr ee radical* 
* A generating catalyst (as for example, TiyoSpgen 
peroxide, benzoyl peroxide, potassium per- 
sulfate, 2 ; 2 1 ^2odnsobut3Tannd!ine oSfg^tfo- 
\ chloride, etc.) and the rrnsture^ agi^^-at 
about 50°C. for a period of fioirrsbouir4 to^ 
15 16 hours while polymerization occurs. The 
resulting lafex "^c^feformedirtSen strained 
to free it from any undis persed materia l and 
the effluent dispersion whidTcontains the dis- 
persed polymer is ready for use. JTMs aqueou s 
20 latexjsa milky dispersion whicK^EUiormally 
contam between^and.- 40<% bx weight of the 
interpolymer, depending upon the concentra- 
tiorTof re^^nfstalS, and"may r be"soId in this ^ 

fofmi^^Gmmeidd product; 

25 The said commercM^orj^^ 

be used as a pad batik by (fi&tmgirw^fn^ef 
to a polymer concentration of by 
weight of the bath. The textile material, or 
paper if desired, is paddeW^STthis ba^EEJ and 
3q is then freed of excess liquid, usually by 
squeeze rolls,, so that the dry pickup (weight 
of the dry polymer on fiber) is between 0.5 
and 10% by weight of the fiber. The treated 
material is then heated at from 100 to 150°C. 
35 for at least 30 seconds, to impart maximum 
durability of the agent on the material The 
resulting tesdlc material or paper will be found 
to be resistant to water and to oil and will 
retain its resistance to such agents even after 
40 many launderings or dry cleanings. 

If desired, the interpolymer product may be 
recovered in substance by pouring the above- 
described aqueous latex into melihanol or 

45 ably under vacuum) the precipitated solid. 
The polymeric com|^fioTSs^^tfiirlnven- 
tion ar^sjdidsjwhich are insoluble in water, 
aceipns^ni., methanol. Thej ^ferred^agen fe 
for the purposes oTthis invention are^copoly- 
50 mers which have diveiSe_juitoipjLl^J]^ylate 
or metJiao^dai^units in the polymer. Such 
polymers are obtained by polymerizing N- 
methylol acrylamide (or jj^ne thylol meth- 
acrylamide) with mixtures^ of fiuoroalkyl 
55 acrylates or metihacr^texas^^eiined above. 
Examples olfuo roal^l^ stej^which may be 
used to make thedc^polymers of this invention 
are: * 

lHjlH-pentafluoropropyl acrylate, 
60 lH,lH,3H-tetraEuoropropyl methacrylate, 
IH,lH-hepta£Iuorobutyl methacrylate, 
H^lH^H^H-pentafluorobutyl acrylate, 
lH,lH-nonafluoropentyl acrylate,. 
lH,lK,5H-octailuoropentyl methacrylate, 



lE,lH,2H,2H-heptafluoropentyl methacrylate, 65 
lHjlH-tridecafluoroheptyl methacrylate, 
lH,lH,7H-dodecafluoroheptyl acrylate, 
lH,lH-pentadecafluorooctyi acrylate, 
lH,lH,8H-tetradecafluorooctyl methacrylate, 
lH,lH,2H,2H-tridecanuorooetyl acrylate, 7 0 
lH,lH-heptadecafluorononyl methacrylate, 
lH,lH,9H~hexadecafluorononyl acrylate, 
lH,lPI,2H,2H-pentadecafluorononyi meth- 
acrylate, 

lH,lH,llH-eicosafiuorohendecyl methacrylate, 75 
1H, lH«heneicosaflucrohendecyl acrylate, 
lE,lH-tricosafluorododecyl acrylate, 
lH,lH,2H,2H4teneicosafluorododecyl meth- 
acrylate, 

and mixtures of any two or more thereof, SO 

In general, the repellent effects are better 
as m and n increase* 

The above fiuoroalkyl esters may be pre- 
pared by esterifying acrylic or methacrylic acid 
with one of the polyfluoroalcohols correspond- 85 
ing to ilie esters hereinabove formulated. These 
alcohols in turn may be prepared as follows: 
The lHjlH-polyfluoroalcohols are obtained 
by t2ie reduction of perfluoroalkanoic acids with 
Hdiium aluminium hydride as described in 90 
Specification No. 703,434. The 1H,1H>H- 
polyfluoroalcohols are prepared by reacting 
tetrafhioroethylene with methanol as described 
in U.S.P. 2,559,628. The lH,lH^H,2H-poly- 
fluoroJacohols are prepared by reacting a 1- 95 
iodopofyfluoroalkane represented by the 
formula CzF^+J. with vinyl acetate and reduc- 
ing the intermediate acetate addition product 
with zinc to provide the desired polyfiuoro- 
alcohol. The preparation of 1H,1H,2H,2H- 100 
pentadecafluoro-l-nonanol is given herewith 
as an example of this procedure. 

Example 1 
A mixture of an ej^jmokr - amoun t— (G.4. 
gram-mole) of vinyl acetate and Hodopent^ 105 
aeeaflu^ 

^isobu tyrontjdl e is heated undeFnitro^rrwidi 
agitationatn^tween_80°_a nd 9Q°C. for five 
hours/Then another 0.1 gram^ortloi^O^^ 
azodiispMtyr<MiMle and a 4.0 g, portion of 110 
14odopenmdeSSS)roheptane are adaMp^nd 
the heating is continued at 75° C. fo r two 
hours.. The unreacted l-iddopehtadecafiuoro- 
^mn^ixiisMMjofLat^m^ pressurejnd 
at a pot temperature of 60°C. The resulting 115 
liquid residue weighs about 57 g. and Js^essen- 
tiaUy 1H,2H,2H - iqdopentadecafluorononyl 
acetate, ~" ' — — 

To a solution of 55 g. of this iodopolyfluoro- 
nonyl acetate in 100 ml. of 95% ethanol are 120 
added, at 60°C. and over a period of one hour 
with rapid stirring, a slurry of 20 g. of zinc 
dust in 50 ml. of 95 % ethanol and 10 ml of 
concentrated hydrochloric acid. Two 5 ml. 
portions of concentrated hydrochloric acid are 125 
added during the reaction period to keep the 
zinc reacting. The mixture is stirred for one 
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hour longer, cooled to 25°C. 5 and mixed in a 

separatory funnel with 100 ml, of cold water. 

The eily layer (37 g.) is- drawn off, and to it 

is added a chloroform solution of material 
5 extracted from the aqueous layer. Distillation 

of the chloroform up to a temperature of 

110°C. leaves 40 g. of product. 
This product is heated one hour at 60°C. 

with 50 ml. of a 10% ethanol solution of 
10 potassium hydroxide, drowned in water, and 

shaken with chloroform three times. The 

chloroform solution is dried over anhydrous 

magnesium sulfate* and the chloroform is 

stripped off. Pure lH 3 lH 3 2H,2H-pentadeca- 
15 fiuoro-l-nonanol distills at 84°C, at 10 mm. 

mercury pressure. It has a refractive index 

(N D 35 ) of 1.3164. 
Similarly other lH 5 lH 3 2H 3 2H-poIyfluoro- 

alcohols are prepared from 14odopolyfluoro- 
20 alkanes and vinyl acetate. The IHjlH^H^H- 

heptofluoro-l-pentanol boils at 128°C. at 760 

ram, and has an N D 3 *= 13100. 
The padding of textile material or paper 

with the novel interpolymer emulsions of this 
25 invention is preferably carried out from an 

aqueous bath and under acid conditions, for 

instance pH 2 to 4. 
It has been observed that after washing the 

treated textile, the repellency values are often 
30 much lower than originally. However it has 

been found that simply ironing the washed 



material restores the repellent effect. Thus, to 
obtain maximum benefit from these novel 
agents, the washed fabric should be ironed 
before use. 35 

The oil- and water-repellent effects are 
evaluated by known methods : 

The test to evaluate water Tepellency is 
carried out according to the Standard Spray 
Method described on page 132 of the 1956 40 
edition of The American Association of Tex- 
tile Chemists and Colorists Technical Manual 
and Yearbook. 

The test to evaluate oil repellency is based 
on the different penetrating properties of 45 
mineral oil ("Nujol"; registered trade mark) 
and n-heptane. Mixtures of these two hydro- 
carbon liquids, which are miscible in all pro- 
portions, show penetrating properties propor- 
tional to the amount of n-heptane in the mix- 50 
ture. 

To measure oil repellency of a treated fabric, 
8" x 8" swatches of the fabric are placed on 
a table and a drop of the test mixture gently 
placed onto the fabric surface. After 3 minutes, 55 
the wetting and penetration of the fabric is 
visually observed. From the following table, 
the number corresponding to that mixture 
which contains the highest percentage of hep- 
tane which does not penitrate or wet the fabric 60 
is taken as the oil repellency rating. 



Oil Repellency 
Rating 


% by Volume 
Heptane 


% by Volume 
"Nujol" 


100( + ) 


60 


40 


100 


50 


50 


90 


40 


60 


80 


30 


70 


70 


20 


80 


50 


0 


100 


0 




No resistance to "Nujol" 
(i.e. penetration within 
3 minutes) 
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Usually, acceptable ratings are 70 and above, _Itt)mogenizedjn^^ 20 secon ds, 

although beneficial effect to oil staining i$~^Then9*Tpa^^ 

sometimes obtained with ratings as low as 50. acrykte is added and fe_j^ Ixture is homo- 



75 



Without limiting this invention, the follow- 
ing additional examples are given to illustrate 
our preferred mode of operation. Parts men- 
tioned are by weight. 
70 Example 2 

f^Two parts of N-methylol acrylamide, 3.5 
/J parts of sodium lauryl alcohol sulfate and 180 
parts of boiled water (to rid of oxygen) are 



genized f or 3 minute s. The mixture isjpoured 
into a^raseT equipped with' an agitator and. is 
heatedtO- 50°C; 24 parts of aMulfbn ueon- 
taining 0,8 part of potassium persulfate in 3l6* 
parts of boitedjmtex_ate adaeoTan^the mix- 
ture is agitated for 4 hours with the tempera- 
ture at 50°C. ancT^S^an atmosphere of 
nitrogen. The remaining 12 parts of potassium 
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* persulfate solution are then added, and the 
/ polymerization is continued for 12 hours 
/ longer. The resulting aqueous suspension con- 
I taining approximately 30%. by weight of the 
5/ interpolymer has a pH of between 2 and 4 
* and is directly ready for use. 
/ The mterpalymer may be isolated by pour- 
/ ing the above suspension into a large volume 
J of methanol and filtering off the solid product. 
lb Analysis shows it to contain 0.231% nitrogen 
/ and 61,2% fluorine. 

To make a- pad bath, the aqueous suspen- 
sion ts diluted -with water to a &% content by 
weight of the -polymer. Cfcllulosic fabric is 
15 dipped into the pad bath and squeezed of 
excess liquid. The fabric is then dried and 
heated in an oven at 150°C. for 3 minutes. 
Fabric treated in this f ashion, generally shows 
a gain in weight of 'about 4 to 5\% (dry pick- 
20 up) and has an oil repellency rating of 80* 

To tjest the durability of this effect^ the 
treated fabric is washed for 15 minutes with 

- agitation at 70° to 80°C. in an 0.2% solution 
of a heavy duty, built detergent (" TIDE 

25 registered trade mark); it is den rinsed 

- succesisively in boiling water and in coM water 
and dried. The fabric is 'then ironed at 235°C. 
In one such test it was found that the oil 
repellency rating of the fabric remained at 80 

30 through several successive washings and iron- 
ings, and dropped only to 70 after the eighth 
treatment. 

A control sample of fabric treated in similar 
manner but with a polymer which is 100i% 

35 1H,1H - pentadecafiuorooctyl acrylate (no 
methylol acrylamide) exhibits an oil repellency 
rating of 50 at the end of 3 washes and iron- 
ings, and loses essentially all of its repellent 
effect after 4 washes. 

40 When a piece of wool worsted is padded 
and heated with the interpolymer of this ex- 
' ample in the same manner as the cotton fabric 
to a 5% pickup, the waters and oii-repeilency 
ratings, after drying and ironing, are 70 each. 

45 After dry cleaning' with Stoddard's solvent, 
there is no change in the .repellent effects. 

An interpolymer prepared as described 
above from !H,lH-peni^ecafluorooctyi meth- 
acrykte and N-methyloi-acrylamide exhibits 

50 similar water- and oil-repellent effects on 
cotton and wool fabrics. 

Example 3 
Following the same procedure as given in 
Example 2, an emulsion containing 1 part of 

55 N-me%loI acrylamide, 99 parts of IH,IH- 
nonadecafluorodecyl acrylate, 3.5 parts of 
sodium lauryl alcohol sulfate and 180 parts of 
boiled water is prepared and polymerized, 
using a solution of 0,8 part of potassium per- 

60 sulfate in 36 parts of boiled water as the 
initiator. 

Evaluation on cotton and wool as in Ex- 
ample 2 except that a lf% pad bath and a 1 % 
pickup was used, gave essentially the same 
65 results. 



Similarly when lH,!H,2H,2H-pentadeca- 
fluorononyl acrylate or methacrylatse is used in 
place of the lH,lH-nonaaecafluorodeeyl 
acrylate, an interpolymer is obtained which 
when padded on cotton fabric from its latex 70 
imparts to it high water- and oil-repelleney. 



Example 4 

Two parts of N-methylol acrylamide, 3.5 
parts of sodium lauryl alcohol sulfate and ISO 
parts of boiled distilled water (to rid of 75 
oxygen) were homogenized in a colloid mill 
for 20 seconds. Then a mixture of 30 parts of 
!H,lH,llH~eicosafluorohendecyl acrylate and 
68 parts of lH,lH,7H-dodecafluoroheptyI 
acrylate was added within one minute and the 80 
mixture was homogenized for 3 minutes. The 
mixture was then poured into a flask equipped 
.with an agitator and heated to 50°C. 24 Parts 
of a solution containing 0.8 parts of potassium 
persulfate in 36 parte of boil-sd distilled water 85 
was added, and the mixture was agitated for 
4 hours widi the temperature at 50°C. and 
under an atmosphere of nitrogen. The remain- 
ing 12 parts of potassium persulfate solution 
was then added and the polymerization was 90 
continued-for 12 hours longer. 

The resulting aqueous suspension which had 
a pH of 2.4 and contained approximately 30% 
by weight of the interpolymer was divided into 
several portions. From one portion, the inter- 95 
polymer was isolated by pouring the suspension - 
into a large volume of methanol and filtering 
off the solid product. Analysis showed it to * 
contain 0.30;% nitrogen; the calculated nitro- 
gen value for the mterpoiymer is 0.28% . jqq 

Another portion of said aqueous suspension 
was strained from a small amount of solid 
material, and was diluted with water to make 
a pad bath containing 5% by weight of the 
polymer. The polymer was padded onto cellu- 105 
losic fabric by dipping the fabric into the pad 
bath and expressing the excess liquid. The 
fabric was then dried and heated in an oven 
at 150°C. for 3 minutes. Its gain in wight 
was 3.2%, and it was found to have an oil no 
repellency rating of 80 and a water spray 
rating of 70. 

The treated fabric was washed for 15 
minutes with agitation at 70° to 80°C, in an 
0.2% solution of a heavy duty, built detergent U5 
("TIDE"); it was then rinsed successively 
in boiling water and in cold water and dried. 
The fabric was then ironed at. 235°C. Afoer 
one such washing and ironing, the oil repel- 
lency rating was 70, and it remained at 70 120 
Through 14 successive washings and ironings. 

A control sample in which the interpolymer 
was 30% lH 3 lH 3 llH-eicosafiuorohendecyl 
acrylate and 70% lH,lH,7H-dodecafluoro- 
heptyl acrylate (but no methylol acrylamide) 125 
lost most of its repellent effect after 10 washes, 
and 46% of the agent on the fiber had been 
removed by washing. 
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Example 5 
Following the same procedure given in Ex- 
ample 4, an emulsion containing 2 parts of 
N-methylol acrylamide, 30 parts of 

5 lH 5 lH,llH-eicosafluorohendecyl acrylate, 68 
parts of lH,lH,5H-octafluoropentyl acrylate, 
3.5 parts of sodium lauryl alcohol sulfate and 
180 parts of boiled distilled water was prepared 
and polymerized, using a solution of 0.8 part 

10 of potassium persulfate in 36 parts of boiled 
distilled water as the initiator. Cotton fabrics 
treated in the manner described in Example 4 
had an oil repelkncy rating of 80 and a spray 
raring of 70. After 10 successive washings, the 

15 oil repellency was 70 and the spray rating 
was 70* 

A piece of filter paper was padded with an 
aqueous latex containing 5% 'by weight of the 
above polymer to a dry pickup of 5.21%. The 
20 treated paper was dried at 150°C. for 2 
minutes, and showed an oil repellent rating of 
90. The paper also showed good water repel- 
lency. 

When methacrylate esters of the perfluoro- 
25 alcohols are used in place of the above acrylate 
esters, similar water- and oil-repelleney effects 
are obtained. 

Example 6 
Following the same procedure given in Ex- 

30 ample 4, an emulsion containing: 0.5 part of 
N-methylol acrylamide, 69.5 parts of 
lHjlH7H-dodecafluoroheptyl acrylate, 30 parts 
of IHjlHjllH-eicosafluorohendecyl acrylate, 
3.5 parts of sodium lauryl alcohol sulfate and 

35 180 parts of boiled distilled water was pre- 
pared and polymerized, using a solution of 0.8 
part of potassium persulfate in 36 parts of 
boiled distillled water as the initiator. The 
interpolymer product contained 0.10% by 

40 weight of nitrogen, which corresponds to 0.4% 
by weight of N-methylol acrylamide in the 
polymer. Cotton fabrics treated with this poly- 
mer in the same manner as described in Ex- 
ample 4 had good oil and water repellency 

45 properties. After 3 successive washings and 
subsesquent ironing the oil and water repel- 
lency properties were essentially the same as 
before the washing. 

Example 7 

50 Following -the same procedure given in Ex- 
ample 4, an emulsion containing 2 parts of N- 
methyloi acrylamide, 98 parts of 1H,1H,9H- 
hexadecatoorononyl acrylate, 3.5 parts sodium 
lauryl alcohol sulfate and 180 parts of boiled 

55 distilled water was prepared and polymeri2ed, 
using a solution of 0.8 part of potassium per- 
sulfate in 36 parts of boiled distillled water as 
the initiator, Nitrogen analysis showed that 
the product polymer contained 1.3% by weight 

60 of N-methylol acrylamide groups. Cotton 
fabrics treated with this polymer in the same 
manner as described in Example 4 had an 
oil repellency of 70. After one washing the oil 
repellency was 70 and the spray rating was 70. 

65 Similar results are obtained when the pro- 



cedure of this example is repeated except using 
98 parts of lH,lH 3 9H-hexadecalIu^ononyl 
methacrylate in lieu of the corresponding 
acrylate. 

Example 8 70 

Following the procedure given in Example 
4, 15 parts of l{H,lH,l'lH-eicosafluorohendecyl 
acrylate, 34 parts of lH,lH,7H-dodecafluoro- 
heptyl acrylate, 1 part of N-methyM acryl- 
amide and 90 parts of boiled distilled water 75 
were emulsified using 1.75 parts sodium kuryl 
alcohol sulfate as an emulsifying agent and 
0,5 part of sodium borate as a buffer to main- 
tain pH at about 8. The emulsion was heated 
to 50°C. and a solution of 0.4 part of potas- 80 
sium persulfate and 0.2 part of sodium bi- 
sulfite in 1*8 parts of boiled distilled water 
was added. The mixture was heated and stirred 
at 50° C. for 16 hours. The mixture was cooled 
and filtered. $5 

The filtrate was a latex which contained 
28.2% solids and had a pH of 8.3. The poly- 
mer was isolated by pouring the latex into 
methanol and washing the coagulated polymer 
with water. This polymer was insoluble in 90 
acetone and was of essentially f fche same com- 
position as that of Example 4. 

A pad bath contenting approximately 5'% 
solids was made by diluting the above de- 
scribed latex with water. The pH of the pad 95 
bath was 7.6. Cotton padded with this disper- 
sion (2.8% on weight of fiber) had an oil 
repellency of 50. After 16 wash and ironing 
cycles the oil repellency remained at 50. 

A similar pad was prepared and the pH 100 
was adjusted to> 2.4 with sulfuric acid. Cotton 
padded with the dispersion to obtain 3,2i% of 
the polymer on the cotton had an oil repel- 
lency and water repellency of 80. After 14 
wash and rinse cycles and ironing, the oil and 105 
water repellency remained at 80. 

Example 9 

Two parts- of ammonium d^lH,!!!^- 
dodecanuoroheptyl)pho ; sphate 
(U.S.P. 2,597,702) and 1 part of N-methylol 110 
acrylamide were added to 100 parts of boiled 
distilled water, and the mixture was homo- 
genEied to enhance solution. Then, a mixture 
of 15 parts of lH,lH,llH-eicosaf[uorohendecyl 
acrylate and 34 parts of lH,lH,5H-occafluoro- 115 
pentylacrylate was added with rigorous mixing. 
This mixture; was then heated to 50°C. and 
0.2 part of potassium persulfate was added as 
initiator. The reaction mass was held at 50°C. 
for 9 'hours to complete 'the polymerization. 120 
The product was a milky emulsion free of 
coagulum, having a pH of 4.0 and containing 
32.7i% by weight of solids. When this product 
was padded onto cotton from a 5% by weight 
pad bath of pH 2.5 to give a pickup of 4.3i% J25 
and then air dried and ironed, the durable oil 
and water repellency of the treated fabric was 
very good. 

Essentially the same results are obtained 
when the ammonium salts of pernuorooctanoic 130 
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acid or omega-hydropsrfluorononanoic acid 
are used as dispersants in the above example. 

When the procedure of Example 4 is 
followed except for using acrylamide in lieu of 

5 N-methylol acrylamide, the oil- and water- 
repelling effects on cotton fabric produced by 
the resulting latex are not fast to washing. 
Thus, in one experiment wherein the dry pick- 
. up on the fabric was 4.6% by weighty the 

10 initial oil- and water-repelling ratings were 
70, but this rating was reduced to zero after 
one washing. Ironing of the washed fabric 
failed to raase the rating above zero. 

Example 10 

15 98 Parts of lH,lH-pentamioropropyl 
acrylate was emulsified with agitation in a 
solution comprising ISO parts of boiled dis- 
tilled water, 4 parts of sodium lauryl alcohol 
sulfate, 0.49 part of sodium borate, and 0.4 



part of potassium persulfate contained in a 20 
round bottom glass polymerization vessel. The 
emulsion was heated to 55°C. and to it was 
added 2 parts of N-mathylolacrylamide. The 
mixture was kept agitated and held at a tem- 
perature between 50° and 55°C. for 20 hours. 25 
During this time a 94)% conversion of the 
monomers to polymer occured to provide an 
aqueous suspension having about 33% solids. 
The solids contained 0.24% nitrogen; the 
calculated value is 0.28% nitrogen. 30 

The polymer, when padded onto cotton 
poplin by dipping the fabric into the pad 
bath, expressing the excess liquid, drying, and 
heating for 3 min. at 150°C, rendered the 
fabric oiL and water-repellent. The gain in 35 
weight of the fabric (i.e., dry pickup of the 
polymer) and the observed oil- and water- 
repellency were: 



Degree of Padding, 
Gain in Weight of 
Fabric, in % 


Oil Repellency Rating 


Water Spray Rating 


Initial 


After 3 
Washings 


Initial 


After 3 
Washings 


2 


70 


60 


50 


50 


1 


70 


60 


50 


50 


0.5 


70 


50 


50 


50 



40 Similar results are obtained when 98 parts 
of lH,lH-pentanuoropropyl methacrylate are 
used in the above example in lieu of the 
acrylate. 



Example 11 
The following table illustrates the prepara- 45 
tion of terpolymers using various mixtures of 
a lH,lH~polyfluoroalkyl acrylate and a 
lH,lH,wH-polyfluoroalkyl acrylate with N- 
methylol acrylamide, and the application of 
the resulting polymers to a variety of fibers. 50 
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Composition No. 


1 


2 


3 


Components of the polymer; 
(% by weight) 


A 
B 


88 
10 


49 
49 


10 
88 






C 


2 


2 


2 




Cotton 


OR 


60 


70 


70 






WR 


50 


50 


50 


Repellency 

rating 

obtained 

on the 

following 

fibers: 


Wool 
gabardine 


OR 
WR 


50 
50 


60 
50 


60 

tfrt 

50 


Nylon 


OR 
WR 


60 
50 


70 
50 


70 
50 




Polyester 
fiber 


OR 
WR 


60 
50 


70 
50 


70 
50 




Wool 
worsted 


OR 
WR 


50 
50 


60 
50 


60 
50 



Definition of Symbols: 

A = 1H,1H 5 9H-Hexadecafluorononyl acrylate. 

B = 1H 3 1H-Pentafluoropropyl acrylate. 

C — N-Methylol acryiamide. 
OR — Oil repellency rating as defined above. 
WR — Water spray rating as defined above. 



10 



15 



20 



The three-component polymers were pre- 
pared as water dispersions. A mixture of 65 
parts of water, 2.5 parts of a 50% wat?er solu- 
tion of ocmdecyltrimethylammoniuni chloride, 
and 10 parts of each in turn of the mixtures 
of three monomers shown above was stirred in 
a flask under a nitrogen atmosphere whale 
heating to raise the temperature to 50°C. At 
this point 0.1 of a part of Z^-azodiisotatyr- 
amidine dihydrochloride dissolved in 10 parts 
of water was added to initiate the polymeriza- 
tion. The polymerization was allowed to pro- 
ceed with agitation for six hours at 50°C, The 
resultant stable dispersions contained about 
11% solids. 

Portions of the aqueous dispersions were 
diluted with water to make pad baths contain- 
ing 3% by weight of the polymer. The poly- 
mer was padded onto the fabrics by dipping 
an 8 g. swatch of the fabric into a pad bath 



and permitting it to pick up an equal weight 
of the 3% dispersion. The treated fabric was 
then dried In the air and heated in an air 
oven at 175°C. for two minutes,. 25 

When 1H 3 1H 5 2H 3 2H - heptafluoropentyl 
methacrylate is employed in place the lH^lHC- 
pentafluoropropyl acrylate in the above poly- 
ma: mixtures similar water- and oil-repellent 
effects on the various fibers are obtained'. 30 

When the procedures of Examples 2 to 111 
inclusive are repeated except for replacing the 
N-methylol acryiamide in each example by an 
equal quantity of N-methylol methacrylamide, 
interpolymers are obtained having likewise im- 35 
proved wasilindurabiility, particularly a& to ohV 
repellency. This is illustrated additionally in 
the following examples: 

Example 12 

Three polymers were synthesized side by 40 
side from the following ingredients: 



8 



933,5X2 





I 


II 


III 


N-Metiiylokcrylainide 


— 


2 




N-Methylolmethacrylamide 






2 


lH,lH 3 2H^H-Tridecafiuoro- 
octyl methacrylate 


98 


98 


98 


Octade^ltrimethylammonium 
bromide . . 


4 


4 


4 


Acetone 


80 


80 


80 


Water 


270 


270 


270 


2 5 2 1 -Azodibutyrarnidine 
d^hydrochloride 


0.1 


0.1 


0.1 



10 



The rea'ction mixtures exclusive of the 2,2*- 
azobutyramidine ^hydrochloride catalyst 
were placed in polymerizes and purged with 
. nitrogen,. The- charges were then heated to 
60°C. Polymerization was initiated by adding 
the catalyst and continued for three hours. The 
conversion to polymer was 97% to 100% in 
each polymerization. 

Each of the above aqueous ddspersions > I, 
IIj and ni> was diluted with water to provide 



a pad bath containing 2% by weight of the 
polymer. Cotton poplin was padded with each 
dispersion to 100% weight pickup to provide 
2% O.W.F, of the treating agent. The treated 
fabric was tested for its initial oil- and water- 
repellency and retention of these properties 
during laundering and dry cleaning as in the 
preceding examples with the results given 
below. 



15 



20 



Oh^Repeixency Rating 



Polymer 


Initial 


After 
1 wash 


After 
5 washes 


After 
1 dry 
cleaning 


After 
5 dry 
cleanings 


I (control) 


100 


0 


0 


90 


80 


n 


100* 


80* 


80 


100 


100 


in 


100 


90 


50 


100 


100 



Water-Spray Rating 







After I 


Polymer 


Initial 


dry deaning 


I 


90 


50* . 


II 


80* 


80 


III 


80 . 


80 
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EXAMPtE 13 

Two polymers were prepared from the following 
ingredients taken in parts by weight. 





IV 


V 


Water 


222 


240 


Octadecyltrimethylammonium 
bromide 


4 


4 


Mixture of polyfluoroalkyl 
methacrylates* 


100 


100 


Acetone 


80 


80 


N-methylolacrylamide 




4 


2 5 2 1 -Azodibutyramidine 
dihydrochloride 


.04 


.01 



* The mixture consisted of compounds of the formula 
F(CF 2 ) 11 CH 2 CH 2 O.CO.C(CH3)-CH 23 with a = 6, 8 and 
10 in the proportions of 3:2:1, respectively. 



The reaction mixtures exclusive of the cata- three hours. The conversion to polymer in each 

lysit were placed in polymerising apparatus and case was about 98%. 

purged with nitrogen to remove oxygen. The The polymers were padded onto cotton 10 

5 charges were then heated to 60°C Poiymeriza- poplin at a 2% level, air dried, and cured for 

tion was initiated by adding the 2,2 1 -azodi- 2 mintntes at 170°C, Oil-repeHeney and water 

buyraroidine dihydrochloride and condnued for spray ratings were as follows : 



Oil-Repeixency Rating 



Polymer 


Initial 


After 
1 wash 


After 
3 washes 


IV 


90 


0 




V 


100 


90 


80 


Water-Spray Rating 


Polymer 


Initial 


After 
1 wash 


After 
3 washes 


IV 


90 


0 




V 


70+ 


50 


50 



10 
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The tables show that the added N-methylol- 
acrylamide has definitely improved the dur- 
ability of the oil- and water-rep ellency to 
repeated washing, 
5 The polyfluoroalfcyl esters used in Examples 
12 and 13 may be prepared by the method 
given in Example 1 or by an alternative 
method which is expressed schematically as 
follows: 

10 C a F 2W CH 2 CH 2 I + CH 2 ~ qCH 3 )COOAg 
aF 2n+1 CH s Qff s 00CC(CH 3 }=CH 2 . 

The iodides C n F 2n+ iCH 2 GH 2 I are prepared 
by reacting CuF^a with ethylene (see Haszel- 
dine et. aL, J. Chem. Soc, 1949, 2856; 1950, 

15 3041 and Park et> al, WADC 56—590, part 
II, ASTTA 151014; J. Org. Chem., 23, 1166 
(1958)). The iodides QJWiI are available by 
the methods of Haszeldine et aL (Nature, 167, 
139 (1951); J. Chem, Soc. 1953 3 3761) and 

20 Briee and Simons (J.A.C.S., 73, 4016 (1951)). 
It will be understood that whale the specific 
examples above mention specifically cotton or 
wool fabric, lie novel compositions of this 
invention may be applied with equal effect and 

25 for the same purpose to other textile fibers 
such as nylon, acrylic or polyester fibers, as 
well as to mixed textiles, for instance mix- 
tures of wool with acryHc fibers. The novel 
compositions of this invention are further 

30 applicable to non-textile fibrous materials, such 
as paper, or indeed to non-fibrous industrial 
films for instance regenerated cellulose or cellu- 
lose ester films. 



Example 14 

Portions of the aqueous dispersions described 35 
in Example 11 were diluted with water, as in 
Example 11, to make pad baths containing 
31% by weight of the polymer. Pad baths of 
this nature were prepared for each of the ter- 
polymers tabulated in Example 11. Strips of 40 
untreated "Cellophane" (regenerated cellulose; 
registered trade mark) film were dipped into 
the respective pad baths. The dipped speci- 
mens were drip dried at room temperature 
and heated for two minutes at 180°C, where- 45 
upon they were found to possess high oil repel- 
lency and high water-rep ellency. 

The measurements of these repellencies in 
this example wens made by determination in 
each case of the contact angle, essentially as 50 
described by W t C. Bigelmv et al in Journal 
of Colloid Science, vol. 1, page 520. In our 
procedure, however, the advancing contact 
angle was measured, which means the limit 
which the contact angle approaches as the size 55 
of the liquid globule (oil or water) on the 
" Cellophane " surface is increased by adding 
thereto additional droplets of the same liquid. 

We found that with hexadeeane as the oily 
liquid, the advancing contact angle in the 60 
treated "Cellophane" reached a value varying 
from 64 to 73° (according to the terpolymer 
employed in the pad bath), compared to an 
angle of 0° for untreated "Cellophane." In 
the case of water, the advancing contact angle 65 
for the three terpolymers varied from 104 to 
li'2 a , compared to 0° for an untreated control. 

The following table gives further details on 
these tests: 



Composition of 
Polymer, % by Wt. 

ABC 


Oil Repellency, 
Contact Angle 

Against Hexadecane, 
in Degrees 


Water Repellency 
Contact Angle 
Against Water, 
in Degrees 


88 10 


2 


64 


104 


49 49 


2 


72 


110 . 


10 88 


2 


73 


112 


Untreated 
"Cellophane" 




0 


0 



(The definitions of components A 3 B and C are as in Example 11) 



75 



In lieu of applying the oil- and water- 
repellent agent to fabrics by jpadding from an 
aqueous suspension, a suspension of the repel- 
lent may be sprayed onto the surface of the 
textile fabric or paper; the fibrous material is 



then dried and heated to impart durability of 
the agent on the material. 

O&er variations in the details of this inven- 
tion will be readily apparent to those skilled 
in the art. 80 
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WHAT WE CLAIM IS: — 

1, An interpolymer of an Nnmethylol acryl- 
amide compound of the formula 

Q— NH— CH 2 — OH, 

5 wherein Q represents the acyl radical of acrylic 
or methacrylic acid, with at least one fluoro- 
alkyl ester of the formula 

Q_OOEI 2 (CF 2 — CF^H, (m - 1 to 6), 

Q— OCH^CFsXF, (n=2 to 12), 

10 or 

Q_0CH 2 CH £ CCF 2 )nF, (n=:2 to 12), 

in which Q represents an acyl radical as above 
defined, said N-methyloI acrylamide constitut- 
ing not less -than 0.25i% and not more than 
15 5% by weight of the interpolymer. 

2, An interpolymer of N-methylol acryl- 
amide and lH 5 lH,2H 3 2H-tridecafluorooctyl 
methaeryliate, the proportion of the former 
being from 0.2S to 5,0% by weight of the 

20 interpolymer, 

3, An interpolymer of N-methylol acryl- 
amide and liH^rH-pentadecafiuorooctyl acryl- 
ate, the proportion of the former being from 
0.25 to 5.0% by weight of the interpolymer. 

25 4. An interpolymer of N-methylol acryl- 
amide and a fluoroalkyl methacrylate mixture 
of the* formula 

CH, 

FCCF^CHsCHgO.CO.cl-CHs 
whose components have n-vahies of 6, 8 and 



10 and are present in the proportions of 30 
3:2:1, respectively, the proportion of N- 
methylol acrylamide in the interpolymer being 
from 0,25 to 5.0% by weight, 

5. A composition for use as a water- and 
oilHrepellency agent, in the form of an aqueous 35 
emulsion of an kterpolymer as claimed in any 

of claims 1 to 4, said interpolymer constituting 
from 20 to 4Q% by weight of said aqueous 
emulsion. 

6. A composition for use as a water- and 40 
oil-repellency agent according to claim 5 sub- 
stantially as herein described in any of the 
Examples. 

7. A process for treating fibrous material for 

the purpose of imparting to it oil- and water- 45 
repeHency effects, which comprises padding 
said fibrous material in an aqueous bath con- 
sisting of a composition as defined in claim 5 
Which has been diluted with water to give an 
interpolymer concentration of from 1 to 10% 50 
by weight, expressing excess liquid from the 
treated material to effect a dry pickup of 
between 0.5 and 10% by weight and heating 
the expressed material at from 100° to 150°C 
for at least 30 seconds. 55 

8. Fibrous material when impregnated with 
a composition of matter as defined in claim 5 
or 6. 

9. An interpolymer according to claim 1 
substantially as herein described in any of the 60 
Examples. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306, High Holborn, London, W.C.I. 
For the Applicants. 
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